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ture	 and	 historical	 demographic	 trends.	 Samples	 were	 obtained	 from	 breeding	
locations	in	Nunavut	(Canada),	Iceland,	and	Svalbard	(Norway)	and	from	wintering	lo-











also	 showed	 a	 genetic	 signature	 intermediate	 between	 Canadian	 breeders	 and	
Icelandic	breeders.	Our	results	extend	current	knowledge	of	Purple	Sandpiper	popula-
tion	 genetic	 structure	 and	 present	 new	 information	 regarding	 migration	 routes	 to	
	wintering	grounds	in	North	America.
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1  | INTRODUCTION




migrate	 from	 these	 breeding	 areas	 to	 overwinter	 along	 the	 north-
eastern	 coast	 of	 North	 America,	 southern	 Greenland,	 Iceland,	 and	
also	along	the	coasts	of	northwest	Europe	(Cramp	&	Simmons,	1983).	
Migratory	 routes	 between	 breeding	 and	 wintering	 sites	 of	 North	
















and	 Pálsson	 (2015).	 These	 authors	 used	 mitochondrial	 (ND2	 and	
COX1)	and	nuclear	gene	DNA	sequences	(a	sex-	linked	nuDNA	intron,	
RANBP3L,	 and	 four	 autosomal	 nuDNA	 introns,	 HMG-	2,	 PDCD11,	
TGFβ2,	RPL30)	and	morphometric	data	(wing,	culmen,	tail,	and	tarsus	
lengths)	 to	assess	 the	validity	of	 three	potential	 subspecies,	C. mari-
tima maritima,	 Calidris m. littoralis,	 and	Calidris m. belcheri	 (Figure	1).	
These	subspecies	were	proposed	based	on	morphological	analyses	of	
several	breeding	populations	 conducted	by	Engelmoer	and	Roselaar	
(1998).	 Barisas	 et	al.	 (2015)	 examined	 C. m. maritima	 from	 Canada,	
Svalbard	 (Norway),	 and	 Greenland	 and	 C. m. littoralis	 from	 Iceland.	
They	concluded	that	although	there	were	notable	differences	among	


























lated	Arctic	 scolopacids.	Wenink,	 Baker,	 Rosner,	 and	Tilanus	 (1996)	
demonstrated	strong	genetic	structure	in	Dunlin	(Calidris alpina),	and	
Wennerberg,	 Marthinsen,	 and	 Lifjeld	 (2008)	 used	 mtDNA	 and	 mi-
crosatellites	markers	to	determine	breeding	origin	of	wintering	pop-
ulations	 of	Dunlins	 on	 a	 fine	 scale.	 Pruett	 and	Winker	 (2005)	 used	
mitochondrial	DNA	to	assess	historical	patterns	of	genetic	differen-
tiation	 in	 Rock	 Sandpipers	 (Calidris ptilocnemis)	 and	 found	 evidence	











One	 behavioral	 characteristic	 that	 could	 affect	 the	 pattern	 of	
population	 differentiation	 in	 Purple	 Sandpipers	 is	 their	 apparent	
high	 fidelity	 to	 wintering	 locations	 (Atkinson,	 Summers,	 Nicoll,	 &	
Greenwood,	1981;	Dierschke,	1998;	Mittelhauser,	Tudor,	&	Connery,	
2012;	Summers,	Nicoll,	&	Peach,	2001).	Behavioral	 fidelity	to	a	par-
ticular	 breeding	 location	 can	 lead	 to	 population	 differentiation	 due	
to	reduced	gene	flow	even	in	a	species	with	high	dispersal	potential	
(Avise,	2009)	 such	as	a	migratory	shorebird.	Fidelity	of	adult	Purple	
Sandpipers	 to	 breeding	 locations	 is	 less	well	 known	 although	 there	
F IGURE  1 Photograph	of	a	Purple	Sandpiper,	Calidris maritima
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are	a	few	studies	that	provide	some	insight	into	this	behavior.	For	ex-








veloped,	 polymorphic	 microsatellite	 markers	 to	 extend	 the	 genetic	
analysis	conducted	by	Barisas	et	al.	(2015).	We	assess	genetic	diver-
sity	 and	 population	 structuring	 of	 Purple	 Sandpipers	 across	 a	 large	
portion	of	their	global	range	to	evaluate	whether	the	breeding	origin	
of	migratory,	wintering	birds	can	be	determined	using	genetic	data.
2  | MATERIALS AND METHODS
2.1 | Sample collection
Blood,	 tissue,	 and	 pre-	isolated	 DNA	 samples	 were	 obtained	 for	 a	




S3.	 Three	 blood	 samples	 taken	 from	 Rock	 Sandpipers	 were	 kindly	
provided	 by	 Dr.	 Dan	 Ruthrauff	 (U.S.	 National	 Park	 Service,	 Arctic	





10	 samples	 collected	 from	breeding	populations	on	Bathurst	 Island,	
Cornwallis	 Island,	 and	 Prince	 of	Wales	 Island	 in	 northern	 Nunavut	
in	 the	 subspecies	 C. m. maritima	 based	 on	 Engelmoer	 and	 Roselaar	
(1998).	 Calidris m. maritima	 is	 also	 the	 putative	 subspecies	 of	 most	
European	 breeding	 populations.	 Our	 five	 samples	 taken	 from	 Long	
Island	and	North	Twin	Island	in	southern	Hudson	Bay	were	placed	in	
the	putative	subspecies	C. m. belcheri,	again	based	on	the	morpholog-
ical	 patterns	 described	 by	 Engelmoer	 and	Roselaar	 (1998).	The	 five	
samples	taken	from	Coats	Island	and	the	West	Foxe	Islands	in	northern	
Hudson	Bay	are	from	the	border	between	the	ranges	of	C. m. maritima 
and	C. m. belcheri.	Engelmoer	and	Roselaar	(1998)	did	not	examine	the	







LeBlanc,	 2015),	we	present	 only	 the	 results	 obtained	 for	 the	 analy-
sis	in	which	the	northern	Hudson	Bay	Purple	Sandpipers	were	placed	





DNA	was	 isolated	 from	 all	 tissue	 types	 using	 a	DNeasy	 Blood	 and	
Tissue	kit	(Qiagen),	spin	column	protocol.	For	blood	samples,	we	used	
190	μl	phosphate	buffered	saline	in	step	1b	of	the	animal	blood	pro-
tocol	 as	 recommended	 by	 Bush,	 Vinsky,	 Aldridge,	 and	 Paszkowski	
















were	amplified	 in	one	 fragment.	However,	 for	 some	samples,	which	
were	presumably	partly	degraded,	the	control	region	was	amplified	in	
three	 fragments	and	cytochrome	b	was	amplified	 in	 two	 fragments.	
Control	 region	 reactions	 were	 heated	 to	 94°C	 for	 3	min	 for	 initial	




followed	 by	 40	cycles	 of	 45	s	 at	 94°C	 for	 denaturing,	 45	s	 at	 50°C	
















two	 fragments	 using	 internal	 primers	 developed	 in-	lab.	All	 samples	
were	sequenced	using	the	same	primers	with	which	they	were	ampli-
fied,	in	both	directions	with	approximately	90%	overlap,	and	sequence	
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data	 from	 both	 directions	 were	 combined	 to	 maximize	 sequence	
length.	 Sequences	 that	 contained	 unique,	 singleton	mutations	were	
resequenced	to	confirm	the	haplotype.









Primers	were	 developed	 to	 amplify	 10	 polymorphic	 microsatel-
lite	loci	by	Ecogenics	GmbH	(Schlieren,	Switzerland;	detailed	in	Table	
S2).	 Primers	were	 designed	with	 a	 universal	 18	 base	 pair	M13	 tail	
and	co-	amplified	with	an	M13	primer	 labeled	with	FAM	fluorescent	
dye.	Microsatellite	 loci	were	amplified	 in	 the	 following	duplex	com-
binations:	CM2668	and	CM2988,	CM705	and	CM997,	CM296	and	
CM3007,	CM1669	 and	CM2198.	 Loci	CM1422	 and	CM3547	were	











Platinum®	 Taq	 polymerase	 (Invitrogen,	 Carlsbad,	 CA,	 USA)	 and	 as-
sociated	 reagents	 (2	μl	 10×	 Platinum®	Taq	 buffer,	 0.4	μl	 10	mmol/L	
dNTPs	 [0.2	mmol/L],	 0.1	μl	 Platinum®	 Taq,	 0.8	μl	 50	mmol/L	MgCl2 

























2.3 | Mitochondrial DNA data analysis
Sequences	were	 aligned	 using	Clustal	Omega	 (Sievers	 et	al.,	 2011),	
edited	in	Jalview	2.8	(Waterhouse,	Procter,	Martin,	Clamp,	&	Barton,	
2009),	 and	 saved	 in	 FASTA	 format.	Cytochrome	b	 sequences	were	
translated	 into	 amino	acid	 sequences	 in	MEGA	6	 (Tamura,	 Stecher,	
Peterson,	Filipski,	&	Kumar,	2013)	to	check	for	premature	stop	codons,	




(Clement,	 Posada,	 &	 Crandall,	 2000).	 PGDSpider	 2.0.8.0	 (Lischer	 &	
Excoffier,	2012)	was	used	 to	convert	between	 input	 formats	 for	all	
other	software	described.
We	 ran	 jModeltest	 2.1.4	 (Darriba,	 Taboada,	 Doallo,	 &	 Posada,	
2012;	 Guindon	 &	 Gascuel,	 2003)	 on	 the	 control	 region	 and	 cyto-







2.4 | Microsatellite DNA data analysis
The	 presence	 of	 null	 alleles	 was	 tested	 for	 using	 ML-	NullFreq	
(Kalinowski	 &	 Taper,	 2006)	 and	 Micro-	checker	 v.	 2.2.3	 (Van	
Oosterhout,	Hutchinson,	Wills,	&	Shipley,	2004),	which	 look	for	de-



























population),	 number	of	 segregating	 sites,	nucleotide	diversity	 (aver-






richness	was	 calculated	 using	HP	Rare	 v.	 June-	6-	2006	 (Kalinowski,	
2005),	again	for	microsatellite	loci.











p-	Values	 to	 evaluate	 statistical	 significance	 were	 generated	 using	









pairwise	 deletion,	 and	 the	 Nearest-	Neighbor-	Interchange	 Heuristic	
Method;	 and	 a	 maximum	 parsimony	 tree	 (MPB)	 made	 using	 the	
Subtree-	Pruning-	Regrafting	 search	 method	 and	 pairwise	 deletion.	

























&	 Cornuet,	 1999)	was	 used	 to	 test	 for	 the	 evidence	 of	 a	 recent	







2012),	 and	so	 the	 two-	phase	model	was	 implemented	using	each	
end	of	 this	 range	as	a	parameter.	We	specified	 two-	phase	model	
variances	 as	 4,	 9,	 16,	 25	 or	 36,	 according	 to	 the	 observed	 allele	
sizes	across	all	loci	(Di	Rienzo	et	al.,	1994).	Results	over	all	loci	were	
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Overall	nucleotide	diversity,	π,	was	0.00157	(Table	1).	Nucleotide	
and	haplotype	diversity	among	breeding	populations	were	 lowest	 in	




For	 microsatellites,	 deviations	 from	 linkage	 equilibrium	 were	
well	 below	 the	 expected	 number	 of	 false	 positives	 (22	 expected,	
10	 observed),	 and	 none	of	 the	 significant	p-	values	 fell	 below	 the	
adjusted	 cutoff	 using	 sequential	 Bonferroni	 correction	 (see	 Table	




ing	populations,	which	 are	 known	 to	violate	Hardy–Weinberg	 as-
sumptions	due	to	the	presence	of	individuals	from	several	distinct	
breeding	populations,	all	with	null	allele	 frequencies	 ranging	 from	
5%	to	17%.	One	was	found	in	Iceland	at	locus	CM2668,	with	a	null	





Allelic	 diversity	 among	 the	 10	microsatellite	DNA	 loci	 ranged	
from	 5	 to	 13	 alleles,	with	 a	mean	 of	 8.5	 alleles/locus	 (Table	 S2).	
Samples	 from	 Svalbard	 showed	 higher	 observed	 heterozygosity	
than	other	breeding	and	wintering	 locations	 (Table	1).	Allelic	 rich-
ness	and	expected	heterozygosity	were	similar	across	all	 locations	
(Table	1).
3.2 | Population Structure (ΦST and FST)
Overall	ΦST	 calculated	 for	 mtDNA	 across	 all	 breeding	 populations	
was	0.089	(p = .004).	Overall	FST	calculated	for	microsatellites	across	
breeding	populations	was	0.080	(p < .001).	Both	of	these	values	were	
significantly	higher	than	expected	under	panmixia	(i.e.,	ΦST or FST = 0).
Pairwise	 ΦST	 and	 FST	 values,	 again	 calculated	 for	 mtDNA	 and	
microsatellites,	 respectively,	 indicate	 differentiation	 between	 most	
breeding	populations,	and	between	Iceland/Svalbard	populations	and	
most	wintering	locations	(see	Table	2).	The	exception	was	the	Svalbard	
breeding	 population	 and	 Scotland,	 which	 had	 nonsignificant	 ΦST 
(p = .097)	and	FST	 (p	=	.999)	values.	Both	Canadian	breeding	popula-
tions	showed	the	opposite	trend,	with	no	measurable	differentiation	
found	between	breeding	population	and	wintering	 location.	The	ex-
ceptions	 to	 this	were	 low	but	significant	ΦST	 (ΦST	=	0.093;	p	=	.019)	
and	FST	(FST = 0.037; p	<	.001)	values	between	northern	Nunavut	and	
Maine,	and	FST	values	between	northern	Nunavut	and	New	Brunswick	
(FST = 0.026; p	=	.018).	Finally,	the	ΦST	value	for	Iceland	and	western	
Newfoundland	was	much	higher	 (ΦST	=	0.292;	p = .034)	 than	values	
found	between	Iceland	and	other	North	American	wintering	locations.	
In	 contrast,	FST	values	between	 Iceland	and	western	Newfoundland	
(FST = 0.061; p = .022)	were	much	 lower,	 though	 still	 different,	 than	








N H Pr S π ĥ AT PT AR PR HO HE
Iceland 18 4 2 4 0.00063	(0.00014) 0.660	(0.078) 4.6 0.20 3.38 0.26 0.60	(0.18) 0.62	(0.19)
Svalbard 20 9 5 9 0.00081	(0.00016) 0.789	(0.086) 5.6 0.10 3.92 0.31 0.66	(0.18) 0.68	(0.15)
N.	Nunavut 15 8 2 11 0.00133	(0.00038) 0.733	(0.124) 4.6 0.00 3.35 0.12 0.57	(0.17) 0.61	(0.12)
S.	Nunavut 5 3 0 5 0.00169	(0.00043) 0.800	(0.164) 3.3 0.00 3.30 0.06 0.54	(0.23) 0.60	(0.16)
Breeding	total 58 20 – 20 0.00102	(0.00014) 0.782	(0.049) 4.5 0.08 3.49 0.19 0.59 0.63
Maine 115 19 5 21 0.00156	(0.00008) 0.797	(0.025) 6.8 0.60 3.34 0.13 0.58	(0.15) 0.60	(0.12)
New	Brunswick 21 11 0 13 0.00187	(0.00016) 0.914	(0.038) 5.0 0.00 3.35 0.12 0.58	(0.10) 0.61	(0.11)
Nova	Scotia 28 13 0 17 0.00160	(0.00023) 0.812	(0.072) 5.1 0.10 3.39 0.14 0.56	(0.14) 0.60	(0.13)
Newfoundland 16 10 2 11 0.00173	(0.00028) 0.905	(0.054) 4.6 0.20 3.47 0.17 0.60	(0.18) 0.63	(0.13)
Scotland 42 23 7 24 0.00170	(0.00020) 0.920	(0.032) 5.8 0.20 3.68 0.22 0.58	(0.24) 0.64	(0.14)
Wintering	Total 221 33 – 33 0.00167	(0.00007) 0.854	(0.016) 5.5 0.22 3.45 0.16 0.58 0.62




ized	to	smallest	population	size	(n = 5); PR,	mean	number	of	private	alleles	standardized	to	smallest	population	size	(n = 5); HO,	observed	heterozygosity;	HE,	
expected	heterozygosity.	Observed	heterozygosity	(HO)	and	expected	heterozygosity	(HE)	are	shown	with	standard	deviations	in	parentheses.
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reflecting	the	weak	bootstrap	and	posterior	probability	(PP)	support	
found	for	certain	clades	within	each	tree.	The	two	largest	clades	were	





















from	 all	 breeding	 locations	were	 dispersed	 throughout	most	 of	 the	
network	 outside	Clade	B,	 indicating	 limited	 geographic	 structure	 of	













with	greater	 than	or	equal	 to	80%	probability,	 and	127	 (46%)	birds	
were	 assigned	 to	 a	 cluster	with	60%	or	 greater	 probability.	 Iceland	
samples	consistently	showed	highest	assignment	to	one	cluster,	with	
Svalbard	 samples	 showing	 lower	 assignment	 to	 the	 same	 cluster	
(Figure	4).	Southern	Hudson	Bay	showed	weak	assignment	to	a	sec-
ond	cluster,	 largely	due	to	the	two	samples	from	North	Twin	 Island	




The	northern	Nunavut	 samples	 showed	 assignment	 to	 a	 third	 clus-
ter.	The	fourth	cluster	was	not	represented	in	the	breeding	samples	





















































































































































































































































































































































































































































































































































































































































































































































































Hudson	 Bay	 populations	 showed	 deeper,	 multiple	 peaks,	 suggest-
ing	the	presence	of	at	least	two	historically	distinct	mtDNA	lineages.	
When	breeding	populations	were	 examined	 separately,	 Iceland	 and	






F IGURE  2 Range	map	of	Purple	Sandpipers,	Calidris maritima.	Numbers	represent	individual	sampling	locations.	Bolded	sites	in	the	table	
represent	sampling	groups	used	in	analysis.	Shaded	areas	represent	breeding	(yellow),	wintering	(blue),	and	year-	round	resident	(red)	populations.	
Map	was	redrawn	from	Payne	and	Pierce	(2002)	and	the	Global	Register	of	Migratory	Species	(Riede,	2001)










showed	 no	 deviations	 from	 neutrality.	 Given	 the	 relative	 power	 of	
Fu’s	Fs	over	Tajima’s	D	(Fu,	1997;	Ramos-	Onsins	&	Rozas,	2002)	and	
R2’s	relative	power	over	both	at	small	samples	sizes,	the	hypothesis	of	
neutral	evolution	was	 rejected	 for	Purple	Sandpipers	as	a	whole,	 as	
well	as	for	the	Svalbard	and	northern	Nunavut	breeding	populations	
specifically.
None	 of	 the	Wilcoxon	 tests	 for	 heterozygosity	 excess	was	 sig-
nificant,	 and	 the	 mode	 shift	 test	 was	 significant	 only	 for	 southern	













markers	 assessed	 in	 this	 study	 showed	 deviations	 from	 neutral-






3234  |     LEBLANC Et AL.
4.1 | Deviations from neutrality




R2)	 all	 showed	a	genetic	 signature	 that	 could	 reflect	 recent	expan-
sion	of	 the	Purple	Sandpiper	 global	 breeding	 range,	 recovery	 from	
a	 strong	bottleneck,	 or	 a	 recent	 selective	 sweep	 (Ramírez-	Soriano,	
Ramos-	Onsins,	 Rozas,	 Calafell,	 &	Navarro,	 2008).	One	method	 for	
	determining	whether	a	selective	sweep	took	place	is	to	examine	data	
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Demographic	 events	 such	 as	 bottlenecks	 and	 expansions	 should	




in	 that	study	showed	a	similar	pattern	to	 the	combined	control	 re-










experience	 selective	 pressure	 (Toews,	 Mandic,	 Richards,	 &	 Irwin,	
2014).	 Shorebirds	 that	 winter	 in	 northern	 climates	 generally	 have	
higher	metabolic	demands	(Colwell,	2010),	and	this	has	been	noted	
specifically	 for	 the	 closest	 relative	 to	 Purple	 Sandpipers,	 the	 Rock	
Sandpiper	(Ruthrauff	et	al.,	2015).








4.2 | Genetic structure in breeding populations
Measures	 of	 population	 divergence	 for	 mitochondrial	 DNA	 se-
quences	and	nuclear	microsatellite	alleles	were	largely	in	agreement.	
In	 contrast	 to	 the	 largely	 star-	like	haplotype	network,	ΦST,	FST,	 and	





two	 samples	 from	North	 Twin	 Island	 seemed	 to	 drive	most	 of	 this	




ulations	appeared	 to	 follow	a	gradient	 in	which	Svalbard	allelic	 fre-
quencies	were	 less	differentiated	 from	both	 Icelandic	and	Canadian	
populations	than	the	 Icelandic	and	Canadian	populations	were	from	
each	other.
A	 recent	 examination	 of	 the	 proposed	 subspecies	 of	 Purple	
Sandpipers	 (Barisas	 et	al.,	 2015)	 found	 that	 when	 more	 breeding	
populations	from	the	“intermediate”	subspecies,	C. m. maritima,	were	
F IGURE  5 Below:	Individual	assignment	of	samples	from	breeding	and	wintering	populations	of	Purple	Sandpipers	(Calidris maritima),	to	four	
genetic	clusters	calculated	in	STRUCTURE.	Above:	Overall	assignment	of	each	location	to	the	four	clusters
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included	 in	 the	 morphological	 analysis,	 differences	 between	 sub-
species	 failed	 to	 satisfy	 Amadon’s	 rule	 for	 the	 designation	 of	 sub-











Iceland,	 Svalbard,	 and	 northern	 Nunavut	 breeding	 populations	 is	
similar	to	values	found	in	a	recent	study	of	three	Dunlin	subspecies,	
C. alpina schinzii,	 C. a. centralis,	 and	 the	 intermediate	 subspecies	
C. a. alpina	 (Marthinsen,	 Wennerberg,	 &	 Lifjeld,	 2007).	 However,	
in	 the	 case	 of	 Purple	 Sandpipers,	 the	 pattern	 of	 genetic	 related-
ness	among	breeding	 locations	does	not	correspond	with	putative	
subspecies	 (i.e.,	 those	 proposed	 by	 Engelmoer	 &	 Roselaar,	 1998).	
Rather,	 the	pattern	of	population	structuring	demonstrated	herein	
may	 indicate	 that	 Purple	 Sandpipers	 and	 Dunlin	 used	 the	 same	
glacial	 refugia.	There	 is	 a	distinct	genetic	 lineage	of	Dunlin	across	
much	of	northern	Europe	that	includes	western	Greenland,	Iceland,	
and	 Svalbard	 (and	 other	 Scandinavian	 countries	 and	 Russia),	 and	




4.3 | Genetic structure in wintering populations
Pairwise	 ΦST	 and	 FST	 between	 Iceland/Svalbard	 and	 most	 North	
American	 wintering	 locations	 were	 large	 and	 significant,	 with	 the	
exception	 of	 western	 Newfoundland.	 FST	 values	 between	 western	
Newfoundland	 and	 Iceland/Svalbard	 were	 much	 lower	 (though	 still	
significant)	 than	 values	 between	 Iceland/Svalbard	 and	 other	 North	
American	wintering	populations.	These	 large	differences	 suggest	ei-
ther	that	Purple	Sandpipers	from	Iceland/Svalbard	do	not	migrate	to	
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numbers	compared	to	migrants	from	northern	Canada,	Hudson	Bay,	
the	United	Kingdom,	and	possibly	unsampled	areas	such	as	Greenland.	
Purple	 Sandpipers	 from	 Iceland	 have	 been	 hypothesized	 to	migrate	
to	western	Newfoundland	in	the	winter,	due	to	the	large	size	of	indi-
viduals	in	that	particular	region	of	Atlantic	Canada	(Hallgrimsson	et	al.,	
2012). The FST	 values	 reported	 here	 support	 a	 possible	 connection	
between	 the	 western	 Newfoundland	 wintering	 population	 and	 the	
Iceland	 breeding	 population	 (Hallgrimsson	 et	al.,	 2012).	 In	 contrast,	
ΦST	values	between	 these	same	 locations	are	much	higher	 than	be-






these	particular	western	Newfoundland	birds	 came	 from	 Iceland.	 In	
addition,	F-	statistics	for	both	mtDNA	and	nuDNA	did	not	show	a	sig-
nificant	difference	between	western	Newfoundland	and	other	North	
American	 wintering	 populations.	 Nevertheless,	 microsatellite	 clus-




In	 addition	 to	 a	 possible	migratory	 connection	 between	western	
Newfoundland	and	 Iceland/Svalbard,	 the	 low	ΦST	and	FST	values	be-
tween	Scotland	and	Canada/Svalbard	populations	support	the	recently	













by	 nonmolecular	 traits	 such	 as	 morphology	 and	 plumage	 often	 do	






mon	 in	 birds	 that	 breed	 in	 the	 High	Arctic,	 which	 typically	 display	




and	 low	nucleotide	diversity	 (Lounsberry	et	al.,	 2013).	The	very	 low	
nucleotide	 diversity	 values	 seen	 throughout	 the	 Purple	 Sandpiper	
range,	but	especially	 in	breeding	 locations,	do	not	 seem	to	coincide	
with	very	 low	haplotype	 diversity,	 consistent	with	 an	 interpretation	
that	Purple	Sandpiper	populations	have	recently	expanded.	More	data	
















from	 refugium	 after	 the	 Wisconsinan	 glaciation	 in	 North	 America	
(Buehler	et	al.,	2006).
Overall,	 mtDNA	 nucleotide	 diversity	 was	 generally	 higher	 in	
Canadian	populations	 than	elsewhere,	 likely	due	 to	 the	presence	of	
haplotypes	from	Clade	B	(Figure	2).	This	contrasts	with	patterns	from	
the	nuclear	diversity	measures	presented	here	and	in	the	recent	study	
by	 Barisas	 et	al.	 (2015)	 that	 consistently	 found	 higher	 diversity	 in	
Svalbard,	possibly	due	to	more	extensive	sampling	 in	Canada	 in	this	
Tajima’s D Fu’s Fs R2 r τ
Iceland −0.521	(.340) −0.215	(.411) .147	(.434) .096	(.147) 0.961
Svalbard −1.748 (.013) −5.531 (.000) .072 (.000) .115	(.273) 1.249
N.	Nunavut −1.532	(.051) −3.010 (.020) .072 (.000) .039 (.041) 0.849
S.	Nunavut 0.562	(.695) 1.090	(.724) .241	(.376) .36	(.646) 2.023
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study.	Clade	B	could	represent	the	presence	of	a	separate	mtDNA	lin-
eage	in	Canadian	Purple	Sandpipers,	which	was	isolated	in	a	second	
refugium	 during	 the	 last	 ice	 advance	 approximately	 250,000	years	
ago.	After	Purple	Sandpipers	expanded	outward	from	refugia,	Canada	
was	colonized	by	individuals	from	both	lineages	who	then	interbred.	
If	 this	 is	 the	 case,	 the	 genetic	 distance	 between	 the	 two	 mtDNA	
clusters	 is	 unusually	 low	 (compared	 to	 Dunlins:	 Buehler	 &	 Baker,	
2005,	 Temmink’s	 Stints,	Calidris temminckii:	 Rönkä	 et	al.,	 2012,	 and	
Common	 Eiders,	 Somateria mollissima:	 Sonsthagen,	 Talbot,	 Scribner,	
&	Mccracken,	2011),	but	not	unprecedented	 (e.g.,	Rock	Sandpipers;	
Pruett	&	Winker,	2005).	Both	North	American	and	Scotland	winter-








Barisas	 et	al.	 (2015),	 suggest	 that	 the	 Iceland	 breeding	 population	
should	be	recognized	as	a	distinct	“management	unit”	(Moritz,	1994)	











is	what	 category	 should	 be	 applied	 to	 the	 Svalbard	 population	 and	







MU	while	 requiring	 further	analysis	 to	determine	whether	 it	 should	
also	be	recognized	as	a	distinct	ESU.	Similarly,	the	presence	of	a	dis-
tinct	mitochondrial	 lineage	 (i.e.,	Clade	B;	Figure	2)	present	 in	north-
ern	Nunavut	and	southern	Hudson	Bay	breeding	populations	but	not	
found	 in	 other	 breeding	 locations	 suggests	 that	 Canadian	 breeding	




be	 a	 completely	 panmictic,	 homogeneous	 population.	 Limited	 gene	
flow	 among	 some	 breeding	 colonies	 may	 be	 due	 to	 breeding	 site	
fidelity	 (e.g.,	Payne	&	Pierce,	2002;	Smith	&	Summers,	2005),	which	
could	 contribute	 to	 levels	 of	 differentiation	 observed	 in	 this	 study.	
While	there	was	some	evidence	for	differentiation	of	Icelandic	Purple	
Sandpipers,	 the	 presence	 of	 ancestral	 haplotypes	 shared	 between	
all	 populations	prevents	 us	 from	being	 able	 to	definitively	 diagnose	
an	 Icelandic	 breeding	 origin	 for	 migratory	 birds.	Wintering	 samples	
in	North	America	 indicate	 the	presence	of	 a	genetic	population	not	
sampled	 in	 this	 study,	 possibly	 from	Greenland	 or	 from	 an	 unsam-
pled	 region	of	northern	Canada.	Two	samples	 from	Greenland	were	
used	in	Barisas	et	al.’s	(2015)	review	of	putative	subspecies	in	Purple	




The	gradual	 change	 in	allele	 frequencies	 from	Canadian	popula-
tions	to	Svalbard	to	Iceland	may	indicate	gene	flow	between	Svalbard	
















logically	 defined	 groups	 in	 Scotland.	 Long-	billed	 birds	 from	 Canada	





to	 recent	expansion	 from	a	 single	 refugium	after	 the	 last	glaciation.	
The	high	diversity	values	seen	in	nuclear	markers	here	and	in	Barisas	
et	al.	 (2015)	may	 indicate	a	dispersal	pattern	of	 individuals	 radiating	






of	 Purple	 Sandpipers	 identified	 by	 Engelmoer	 and	 Roselaar	 (1998).	
Large-	scale	next-	generation	 single	nucleotide	polymorphism	 studies	
could	 provide	 for	 greater	 discrimination	 between	 breeding	 popula-
tions,	 both	due	 to	 the	 large	number	of	markers	 throughout	 the	ge-
nome	and	the	inclusion	of	markers	that	have	undergone	selection	due	
to	local	adaptation	(Freamo,	O’Reilly,	Berg,	Lien,	&	Boulding,	2011).
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